Abstract: Education is generally believed to be beneficial in fostering, independent of gender, higher labor productivity. Female education may, however, cause other socio-economic gains which are not captured by higher wage or better compensation package for the educated female worker in the labor market (positive externality). This paper investigates the casual effect of enhancing female education and reducing gender education inequality on various measures of sustainable development. After addressing the endogeneity issue associated with gender education inequality employing a novel instrumental variable (IV), we find mitigating gender education inequality to be associated with lower infant mortality and poverty rates and improvements in health and environmental conditions. Our IV estimation result reports that a one-standard-deviation increase in the female-to-male ratio of average years of schooling is associated with a lower poverty rate by about 0.98 percentage points. The results indicate that expanding women's educational opportunities is an effective way to promote inclusive growth.
Introduction
The standard theory of human capital and economic growth posits that a substantial portion of human capital is accumulated through schooling and utilized in producing goods and services. The price of human capital is based on its contribution to the production process, which in turn determines ex-ante education investment. The socially efficient level of education investment presumes the private and social return to education to be the same. Motivated by this argument, the present paper sheds lights on the female education externality by shifting the focus on social return to female human capital from the traditional economic growth measure of gross domestic product (GDP) to alternative inclusive growth measures. Specifically, it shows that promoting female education and reducing gender education inequality has a significant impact on sustainable and inclusive growth measures not considered in private returns to education, but not on the traditional measure of economic growth expected to be highly correlated with private returns.
Despite an extensive literature on the gender education gap and discriminatory private returns to education, no previous studies, to the best of our knowledge, consider gender-specific social returns to education, except for the work done by Cooray et al. [1] , who reported differential effects of gender-specific human capital on traditional economic growth, but do not consider non-traditional measures of economic growth. It follows from the premise that human capital should be genderless such that it should be treated and exploited in the same manner regardless of gender. In this case, the notion of gender-specific social returns to education no longer makes sense. It becomes manifestly
Literature Review
The traditional viewpoint on the contribution of education to growth is well documented [4] [5] [6] [7] [8] [9] [10] . On top of these studies, Schultz [11] described how educational investment may lead to economic growth and stresses the importance of policies targeted toward investment in schooling in low-income countries. Collins et al. [12] examined the East Asian growth experience and confirm that educational investment plays a key role in accounting for the rapid economic growth between 1960 and 1994 in major East Asian countries. Mercan and Sezer [13] investigated the impact of education expenses on economic growth employing Turkish data and conclude that there exists a positive correlation between education expenditure and economic growth between 1970 and 2012 in Turkey. Lin [14] studied the case of Taiwan and shows that education had a significantly positive impact on economic growth over the period of 1965-2000. Using panel data from 2000 to 2016 on Guangdong Province in China, Liao et al. [15] demonstrated that local financial investment in education results in a statistically significant positive impact on sustainable economic growth. Diebolt and Hippe [16] focused on the long-run consequence of human capital on economic development and demonstrate how the past regional human capital contributes to rationalizing the current disparities in economic development in Europe. Overall, the existing literature shows that educational investment is the key determinant of economic growth across time and countries.
Educational opportunity for women has also received a great deal of political attention in many developing countries and most existing studies report positive effects of female education on economic progress, as expected [17] [18] [19] [20] [21] [22] . A recent study by Cabeza-García, et al. [23] examines the link between economic growth and gender factors, where the latter is analyzed through four dimensions of education, fertility, employment, and democracy. In particular, the results from the study reaffirm that greater access to female education has significantly positive impacts on economic growth. In contrast to the extensive literature on the role of female education in economic development, there have been relatively few scholarly attempts to study the effects of the gender education gap on economic growth. Dollar and Gatti [24] , using data from more than 100 countries over three decades up to the 1990s, showed gender education inequality to negatively affect economic growth, and Chen [25] identifies three channels through which this occurs: the selection-distortion factor, the environment effect, and the demographic transition effect. Baliamoune-Lutz and McGillivray [26] demonstrated, in the case of Africa and the Middle East, that the gap from female to male primary and secondary school enrollment rates has had a negative effect on income per capita. Klasen [27] found that, using the non-Barro coefficient, reducing gender inequality in education boosts economic development. Lagerlof [28] investigated the relationship between gender inequality in education and long-run economic growth and argues that gender gap in educational investment would lead to higher fertility, thereby causing lower economic growth. Benavot [29] also made a sharp contrast between male and female educational investment. Using cross-national data from a sample of 96 countries, he finds a greater impact of increased educational opportunities among school-age girls on long-run economic growth compared with that among school-age boys. Knowles, et al. [30] constructed a neoclassical growth model incorporating female and male education as separate components. By estimating the model using a cross-section of countries, they draw long-run implications of educational investment on economic development by gender. In particular, they find that female education is positively associated with aggregate labor productivity, while the relationship between male education and labor productivity is less clear.
Although previous studies generally suggest a negative correlation between gender education gap and economic progress, there exist a small number of studies that report beneficial impacts of gender inequality in education on economic growth. For example, Barro and Lee [31] employed the same data we used in this study and present empirical evidence that gender education gap contributes to economic growth. Barro and Lee [32] also found that there exists a statistically significant negative correlation between female secondary schooling and economic growth. The negative association between female education and economic growth seems to be partially explained by the negative impact female education has on fertility, which is expected to lower the stock of human capital in the next generation [33] . Despite the inconclusive finding regarding the relationship between female education and economic growth, one common feature of the previous studies is that their focus has been limited to traditional measures of economic growth such as income and employment. In addition, the results of most existing studies on gender education gap and growth are based on data from developing countries or prior to 2000 in which the level of female education is presumed to be substantially low. Therefore, empirical studies that employ more recent data on developed countries may produce divergent results.
Another strand of research related to our study, focused on external effects of improving female education, identifies substantial social benefits that exceed private returns. Using data from developing countries, Hill and King [34] emphasized that whereas the expense of female education expense is personally incurred, benefits from investment in female education accrue to the public. They further report that a high gender gap in education has a detrimental effect on a number of indexes including life expectancy and mortality rate. Subbarao and Raney [35] found improvement in female secondary education to be negatively associated with lower fertility and infant mortality and positively associated with children's educational attainment. Schultz [36] claimed that governments should invest in women's education because mother's education is critical to the children' health and schooling. Whaley [37] , studying the relationship between gender education inequality and crime rates, found the gender education gap to be positively related to changes in rape statistics, and Karoui and Feki [38] described a process whereby female education lowers the fertility rate and improves educational attainment for the next generation. Kim, et al. [3] , investigating the link between gender education inequality and inclusive growth, employing an approach and data similar to those used in this paper, found that a high gender gap, although not significantly related to GDP, negatively influences sustainable economic development. The present study contributes to the existing literature by empirically examining the causality between female education and various measures of inclusive growth.
Data and Descriptive Analysis
The primary dataset utilized in the present study, the Education Attainment for Population Aged 25 and Over from Barro-Lee Educational Attainment Data, provides educational attainment estimates for 146 countries from 1950 to 2010 at five-year intervals. It includes the distribution of the highest educational attainment at seven levels of schooling and average years of schooling at all levels, disaggregated by gender. The seven levels of schooling include no formal education, primary school total, primary school completed, secondary school total, secondary school completed, tertiary school total, and tertiary school completed. Within this dataset, years of schooling and primary education completion rates for 144 countries from 2000 to 2010 were the focus of the analysis. The proportion of primary school education, constructed as the sum of no schooling and incomplete primary school (primary school total-primary school completed), subtracted from 100 and disaggregated by sex, was expressed as primary education completion rates in the ratio of females to males.
We investigated the impact of the gender education inequality on economic growth by considering a series of the dataset as a dependent variable. We used as the traditional measure GDP per capita in current US dollars calculated by World Bank national accounts data and OECD National Accounts data files, and as alternative measures the HI and HDI created by the United Nations (UN) Development Programme, EPI 2018 scored by Yale University and Columbia University in collaboration with the World Economic Forum, IMR per 1000 lives estimated by the UN Inter-agency Group for Child Mortality Estimation, and a poverty headcount ratio at $1.9 a day calculated by the World Bank. We considered as well gross capital formation and gross fixed capital formation in constant 2010 US dollars obtained from the World Bank and OECD National Accounts data files. Because cultural influence based on religious belief could affect economic performance, we also included religion variables in the regression model. We used data from The Global Religions Landscape (2012) of the Pew Research Center, in which individuals are classified into the eight major religious groups of Christian, Muslim, religiously unaffiliated, Hindu, Buddhist, folk religion, other religion, and Jewish. Each religion variable reports the share of the religious group in the national population in each country based on self-identification. Table 1 presents descriptive statistics for the sample. Average schooling years for males is eight, with a discernable standard deviation and gap between minimum and maximum years in selected countries. The ratio of years of schooling between female and male is less than one suggests that, worldwide, females tend to be less educated than males. A narrower gender gap was observed in primary education completion, with a slightly higher mean. In terms of the measure of economic development, average GDP per capita is approximately fifteen thousand US dollars with a huge gap among selected countries. HI and HDI are similar, with the health dimension of HDI being assessed by life expectancy at birth, which was used to calculate HI. The average score of EPI is roughly 57, and the average number of infants who died within one year of birth per 1000 live births is 25.66. Nearly 10 percent of the sample population lives on less than $1.90 a day. In terms of religion, Christian makes up more than half the sample population, followed by Muslim. 
Empirical Methodology and Results

Ordinary Least Squares Estimation Approach
We began our analysis by specifying the empirical model for investigating the relation between women's education and various measures of economic and inclusive growth. Specifically, we considered the following regression equation:
where Y i is the level of economic growth of country i, measured by the HI, HDI, EPI, IMR, and PR, as well as the traditional growth measure of GDP per capita, YS i,MALE denotes the average years of schooling received by the male population, years of schooling proxies for the average level of human capital possessed by the workforce, and
, the key explanatory variable, is the ratio of the average years of schooling received by the female and the male population, in country i. Although ideally we would control YS i,FEMALE directly in the regression equation together with YS i,MALE to estimate the marginal effects of female education, this approach, being likely to be vulnerable to multicollinearity due to high correlation between the two variables, might compromise the statistical precision of the estimates. Given that YS i,FEMALE appears in the numerator and educational attainment is generally less for the average woman than for a male counterpart, the ratio of YS i,FEMALE and YS i,MALE is negatively associated with the level of gender education inequality. The estimated coefficient of α 2 would thus indicate the impact, if any, of gender inequality in educational attainment on economic growth. A limitation of the estimation strategy shown in Equation (1) is that the impact of the ratio of average years of schooling by gender (orα 2 ) would include the impact of both mitigating gender education inequality and improving women's educational attainment, holding average years of schooling received by the male population fixed. To distinguish one from the other would require additional data on labor market participation rates by gender and educational attainment. X ij is a vector of explanatory variables that includes capital per person in addition to the share of each major religion in the population in country i. Owing to the potential for religious belief to influence individual characteristics related to economic progress [39] , the proportions of religious population are included in the regression equation. In the event one of the five alternative growth measures is used, GDP per capital is also included as a control variable. Country-specific random shocks to the level of economic development are captured by ε i , which is assumed to be normally distributed with zero mean and finite variance. Table 2 reports results employing the conventional OLS estimation method for Equation (1) . Column (1) shows both average years of schooling of the male population and capital per capita to have a positive, statistically significant impact on per capita GDP, consistent with the idea that investment in education and capital accumulation improve labor productivity. That the ratio of YS i,FEMALE and YS i,MALE shows no statistically significant effect on per capita GDP suggests that elevating the level of women's education relative to men's does not significantly contribute to economic growth in a quantitative sense. Columns (2)- (6), however, show improved women's education relative to men's to have a positive influence on various alternative measures of economics growth, an increase in the ratio of YS i,FEMALE and YS i,MALE being associated with higher values of health, human development, EPIs and lower IMR and PR. In particular, the fact that narrowing the gender education gap is related to fewer people with income below the poverty line provides the first evidence that investment in women's education contributes positively to inclusive growth. Overall, our results clearly show improvements in women's education to be associated with external benefits not recouped in the labor markets, indicating a discrepancy between social and private returns to female education. Table 2 further suggests that, controlling for levels of human as well as physical capital, religious belief does not seem to affect the process of economic development. Notes: Standard errors are in parentheses; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
Instrumental Variables Estimation Approach
Equation (1), although a straightforward approach to examining the effects of female education on economic growth, suffers from a couple of econometric issues. One important consideration is that a country's level of gender education inequality is likely to be correlated with the degree of economic development through confounding (or omitted) variables, thereby invalidating the classical OLS assumption of conditional independence. It is conceivable, for instance, that in a country experiencing economic progress and maturing with respect to gender equality, access to education is expected to be the same for girls as for boys and the enrollment gap between genders to naturally disappear. In this case, the presence of an unobserved variable that might influence both gender education inequality and economic growth would result in the OLS estimates in Table 1 overstating the impact of the gender education gap on economic growth.
We addressed the endogeneity issue by employing an IV. A valid instrument in this context must be correlated with the degree of gender education inequality and independent of the level of the focal country's economic development, conditional on the value of the gender education inequality. For this purpose, we exploited cross-country variation in the elementary school completion rate across gender. The key insight is that the gender education inequality is in part explained by the principal-agent problem that occurs when parents decide how much to invest in their children's education [3] . To the extent that parents strategically allocate greater resources to sons' than daughters' education in anticipation of recouping their investment in the form of male workers' higher wages, sons are expected to be more likely than daughters to finish elementary school. As boys and girls grow older, they are more likely to self-determine their education decision. Thus, the difference in elementary school completion rates between sons and daughters is expected to be strongly correlated with gender inequality in educational attainment, and unlikely to have a direct impact on various measures of economic growth, providing plausibly exogenous variation by which to identify the causality between gender education inequality and economic growth.
To check the validity of the exclusion restriction regarding the use of IVs, we presented in Table 3 the completion probabilities (conditional on enrolling) by education level and gender for each income group of countries. The country classification by income level is based on the World Bank. From Table 3 , it is evident that the gender education inequality is most prominent at the primary education level across all income groups. As education level advances, the completion rate of the female population was observed to catch up with that of the male population, and the gender education gap, measured by (an inverse of) the ratio of completion rates of female and male, quickly narrows. The gender difference in school completion probabilities was further found to be most conspicuous at the primary education level in low-income countries. Note that the tertiary education completion rate by female is greater than the completion rate by males in high-income countries. Table 3 suggests that gender inequality in educational attainment is related to the principal-agent problem that occurs when parents (agents) determine the allocation of household resources to the education of their children (principals). Table 4 presents the two-stage least squares estimation results using the ratio of primary education completion rates of the female and male populations as the IV. The Angrist-Pischke statistics reported at the bottom of Table 4 confirm that the IV strongly passes the first-stage tests for under-identification and weak identification, thereby ensuring the validity of the exclusion restriction. Overall, the results show use of the IVs to reduce the magnitudes of the estimated coefficients compared to the OLS results in Table 2 . The main results were observed to hold qualitatively, enhancing women's relative to men's education being shown to improve all the alternative measures of economic growth, while having no discernable impact on the traditional growth measure. In particular, a one-standard-deviation increase in
was predicted to lower PR by about 0.98 percentage points (= −4.654 × 0.211), suggesting a strong positive impact of women's education on inclusive growth. The results in Tables 2 and 4 , in attesting to the causal impact of gender education inequality on inclusive growth measures, demonstrate that improving female education confers socio-economic gains that exceed private returns to female education. Notes: Standard errors are in parentheses; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively; Angrist-Pischke X 2 and F-statistics report the first-stage test statistics of under-identification and weak-identification, respectively, of the endogenous regressor.
Robustness
An additional concern regarding the validity of the main results reported in Tables 2 and 4 is that identification relies solely on cross-country variation due to the structure of the collected dataset. This can be problematic in the event that countries with more balanced educational opportunities across gender tend to be advanced economies with better health and nutrition and environmental conditions and lower PRs and IMRs, in which case the estimation exercise based on a single cross-section of data may produce spurious correlations between gender education inequality and growth measures. To check whether the main results are robust to the presence of unobserved time-invariant country effects, we considered the following regression equation:
where µ i represents country fixed effects and t indexes the time period. Identification of the coefficients in (2) requiring within-country variation over time, we collected, as available, data on the variables from 2010, and estimated the parameters of the model by first differencing. We were unable to gather data from the EPI and PR for 2010. Further, there being insufficient variation in the population shares of major religions over the 2000s, religion variables were also excluded from the sensitivity analysis.
To test whether our results were sensitive to alternative definitions of physical capital when the dependent variable was GDP per capita, we reported the regression results using fixed capital as well. Table 5 reports the OLS regression results from the sensitivity analysis described above. Columns (1) and (2) in Table 5 show the main results to be robust to the use of alternative definitions of physical capital, in that gender education inequality is shown to be unrelated with per capita GDP, regardless of the definition of physical capital. Regarding the estimates of the change in
in Columns (3)- (5), we found that all the coefficients were statistically significant with the addition of country fixed effects at the 1% level, indicating that the main results hold in the presence of unobserved country effects. Notes: Columns (1) and (2) differ in the definition of physical capital. Column (1) employs total capital while column (2) uses fixed capital only. Standard errors are in parentheses; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. Table 6 presents the IV regression results, and columns (1) and (2) show the results are still invariant to the use of alternative definitions of physical capital. Turning to the estimates of the change in the female-to-male ratio of average years of schooling
, the results in columns (3)- (5) demonstrate that allowing for country fixed effects generally results in the magnitudes of estimates becoming much smaller, and coefficients, in some cases, losing statistical significance. All coefficients retain the expected sign, however, indicating that the results remain qualitatively similar independent of incorporating unobserved country effects. The results of the sensitivity analysis, in confirming the positive impact of women's education on promoting inclusive growth and yielding benefits society wide, emphasize the importance of understanding gender-specific impacts of educational investment. (1) and (2) differ in the definition of physical capital. Column (1) employs total capital while column (2) uses fixed capital only. Standard errors are in parentheses; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
Limitations of the Present Study and Suggestions for Future Research
Unlike the traditional viewpoint that human capital should be genderless, the present research highlights the gender-specific returns to education gauged by the inclusive growth measures. One shortcoming of this research is that without labor market participation rates by gender and education level for each country, we cannot tell whether and to what extent our conclusion regarding the impact of gender education gap derives from the gender-specific nature, or gender-specific utilization rate, of human capital. In particular, the fact that a more educated woman is more likely than a less educated counterpart to be employed may amplify the (pure) effect of the gender education gap on both traditional and inclusive growth measures. Our use of cross-country data precludes decomposing the effect of the gender-specific nature of human capital from the other effect, because it does not provide the labor market participation rate by gender and by education level. We look to future studies to remedy this deficiency using micro-level panel data.
Conclusions
The notion of "inclusive growth" takes into account equity of health and nutrition, inequality and poverty, social protection, environmental quality, and food security, as well as traditional GDP growth. Employing the HI, HDI, EPI and PR and IMR as measures of inclusive growth, we showed that reducing the gender education inequality has a significant impact on these new inclusive growth measures, although not on the traditional GDP growth measure. This can be (at least in part) interpreted as a consequence of the gender-specific nature of human capital accumulated through education. Overall, the empirical results found in this study are in line with the previous literature that documents the evidence of positive externalities associated with female education. By employing IVs estimation strategy and allowing for unobserved country-specific effects, this study enables us to provide a causal interpretation of the estimated coefficients related with the impacts of investment in female education on various measures of inclusive growth.
We also found that the gender education inequality takes place at the primary education level, at which educational investment is determined not by each student but by her or his parents. Given that women leave their biological families and/or change their family names, female students may get less human capital investment by their parents compared to other male students. Our results suggest that expanding women's educational opportunities especially at the primary education level is an effective way to promote inclusive growth for developed as well as developing countries. Thus, the policy tools designed to encourage female education, such as providing female scholarship, female dormitory, and girls' schools, as well as implementing (genderless) compulsory primary schooling, may effectively promote not only female education but also sustainable economic development. 
